A series of 785 bone grafts between the tympanic membrane and head of the stapes were performed between 1964 and 1998. Ears were divided into`normal tympanic membrane',`stage I' and`stage II' groups, in which the averages of the last postoperative air±bone gaps were 13.2, 18.7 and 18.1 dB, respectively (revision operations included). In the same order 43%, 26% and 23% of the ears showed air±bone gaps equal to or smaller than 10 dB; 85%, 61% and 67% equal to or smaller than 20 dB. Failures speci®c to the bone columella necessitated nine revision operations (eight for osseous ®xation and one for atrophy). There have been no extrusions so far. Although, in the light of the literature the results are acceptable there is room for improvement.
If the ossicular chain is interrupted but the stapes is intact and mobile, sound conduction can be restored: (1) by reconstructing the long process of the incus; 1±4 (2) by making a link between the head of the stapes and the malleus; 5, 6 and (3) by making a link between the stapes head and the posterior-superior quadrant of the (normal or reconstructed) tympanic membrane independently of the presence or absence of the malleus and the remnant of the incus.
7±10
The last-mentioned method has been used by the present author since 1964. 11 The material used for the columella has been autogenous bone, at ®rst cortical bone or the body of the incus, and then cortical bone exclusively. The aim of this paper is to describe the results of this method. Autogenous bone (incus) was ®rst used for ossicular reconstruction by Hall and Rytzner in 1957, 7 cortical bone by Hough in 1959 12 and by ZoÈ llner in 1960. 13 Although it has been alleged that the long-term results are poor because of atrophy there are reports of favourable experience 14±16 and of histological stability.
17±18
Methods and materials
M E T H O D S
In the early stages of this work an irregular cuboid piece of cortical bone or the body of the incus suitably modelled was positioned on the head of the stapes. Later a pyramidal piece of bone was fashioned from cortical bone with a depression in its apex for the head of the stapes. The large surface of the base was positioned against the tympanic membrane. It soon became apparent that this type of columella could easily become ®xed to the surrounding bone and revision surgery was dicult because the columella covered the region of the stapes and there was a great danger of fracturing the superstructure of the stapes. Since these preliminary trials the columella has been made from a thin layer of super®cial cortical bone shaped like a trapezoid. A`V'-shaped incision is made with a scalpel on its medial end, which, acting as a fork, is placed on the head of the stapes. While fashioning the columella, care should be taken to keep its medial end away from the surrounding bone as far as the anatomical situation allows. The wide lateral end should be placed against the tympanic membrane. The plane of the columella should be perpendi-cular to the long axis of the footplate, i.e. parallel with the malleus handle if present (see Fig. 1 ). Its length is critical and can be determined by trial and error. It should create a slight bulge in the replaced tympanic membrane. In the author's practice, during the introduction of the columella, the medial end is placed on the stapedial tendon and the lateral end is brought into its ®nal position. Then the medial end is pushed forwards along the tendon until it literallỳ steps up' onto the head of the stapes and is ®xed there by the fork. The sucker is placed under the replaced tympanic membrane imitating its strong retraction. The columella should maintain its correct position during this manoeuvre. Unfortunately, this manoeuvre cannot be used at simultaneous reconstruction of the tympanic membrane and determination of the length of the columella is less accurate.
M A T E R I A L S
Between June of 1964 and July of 1998, 785 autogenous bone tympanic membrane to stapes head columellas were used by the author for ossicular reconstruction in 690 primary operations and in 95 out of 142 revision operations. In all, 832 operations have been performed on 690 ears. In 47 revision operations some other type of ossicular reconstruction or other corrective measures were applied. In view of the small number of these operations, and the fact that they exert little eect on average values, they will not be excluded from the calculation of the`best', and`last' values (see`Results'). Because of the bilateral operations, the number of patients is 632.
The patients varied in age between 3 and 76 (average, 34.8) years at the ®rst operation.
Out of the 785 columellas, 744 were fashioned from autogenous cortical bone and 41 from the body of the incus.
There were several dierent middle ear conditions requiring surgery: disrupted ossicular chain with intact tympanic membrane, retracted tympanic membrane requiring no reconstruction only elevation and silastic sheeting, chronic suppurative otitis media (mesotympanic or associated with cholesteatoma formation), old radical cavity and previous tympanoplasty regarded in this material as a primary operation
In the whole series 466 ears were operated upon in a single stage. In 224 ears the columella was inserted at the second operation of staged surgery. The ®rst stages of the staged operations are non included; however, the follow-up graphs (see`Results') start with the date of the ®rst stage.
In all, 142 revision operations were performed on 116 ears either for correction of poor/later deteriorated sound conduction or for failure in control of the disease. Revision operations (n 112) were carried out on 88 ears after a onestage operation and there were 30 revision operations on 28 ears after staged surgery. Ninety-eight ears were revised once, 14 ears twice, three ears three times and in one special case which would deserve a detailed description the right ear of a patient was revised seven times.
In order to gain a clearer picture of the performance of the columella itself a group of patients were selected in whom ossicular reconstruction had been performed in the presence of a normal tympanic membrane. The 98 patients in this group have undergone 115 operations (108 primary and seven revisions) performed on 108 ears. At the revision operations four cortical bone`short' columellas were inserted and in three cases other corrections were made.
Because of the possibility that a good result might deteriorate during a long follow-up time, the length of the actual follow-up is an essential factor. Ideally, each patient's data should be presented with the longest possible follow-up time. In practice, this requirement cannot be ful®lled. Figure 2 shows the longest possible follow-ups and the actual length of the follow ups. Four patients had no postoperative audiograms, and two patients had no preoperative ones because of young age. Ten patients died.
A computer programme written by Dr Joseph Pytel oers the following possibilities: (1) to present a personal`follow- up graph' for each patient; (2) to calculate the values for preoperative air conduction and air±bone gaps of all or some selected group of patients; (3) to select and average the best and last postoperative values; (4) to draw distribution curves of the chosen values; (5) to produce averaged audiograms; and (6) to draw a graph like that seen in Fig. 2 .
A`follow-up graph' oers a quick survey of the numerous data of each patient.
The graph shows the preoperative values of air and bone conduction, and also the postoperative values obtained at the follow-ups, as a function of time. Bone conduction at 4 kHz is also indicated. As can be seen in Figs 3 and 4, it is easy to survey the hearing changes of a patient in time, to judge the success of reconstruction and that of revision operation(s).
The air±bone gap has been chosen to summarise the data of all±or a selected group of±patients (the values have been given as averages of the values obtained at 0.5, 1 and 2 kHz). This method has the following advantages: (1) the postoperative air±bone gap is a relevant indicator of the eciency of ossicular reconstruction; and (2) it is not in¯u-enced by a possible deterioration of the sensorineural component of the hearing loss.
A disadvantage is the relative inaccuracy of determination of the threshold of bone conduction in comparison to that of air conduction.
Three values of the individual follow-up graphs have been chosen and averaged: (1) the preoperative and two postoperative air-bone gaps; (2) the best, i.e. smallest value ever obtained during the follow-up time; and (3) the value recorded at the last follow-up, including revision operation(s).
The patient is excluded if a value necessary for calculation of an average can not be measured. Results Table 1 shows the averages of the preoperative and postoperative`best' and`last' air±bone gaps for all ears. The results of 142 revision operations performed on 116 ears are included in the results.
Regarding the fate of the columella, there are indirect and direct data. A small postoperative air±bone gap is regarded as indirect evidence that the columella maintains its capacity for sound conduction. In some cases of a wide air±bone gap, simple otoscopy can reveal the cause of failure which in others may remain obscure. Revision surgery oers direct evidence of the cause of failure and a possibility for histology.
With some simpli®cation the reasons for revision operations can be divided into two groups: conditions unrelated and those related to the columella. The unrelated conditions The posterosuperior tympanic membrane perforation was closed using the underlay technique and the missing long process of the incus was replaced with a pyramid-like columella in one stage in the right ear. After initial improvement, hearing slowly deteriorated over the following 3 years. One year later a sudden drop appeared necessitating a revision operation, at which osseous ®xation of the columella to the promontory was found. The ®xed columella was replaced by the latest type of columella. The hearing improvement seems to be stable after the revision operation. Last check in 1983. The symbols are the same as in Fig. 3 are presented in Table 2 and the related conditions in Table  3 .
Out of the list of failures, seven items necessitating revision operations belong to the group with a normal tympanic membrane.
Calci®cation of the stapedial tendon, a stapes erroneously regarded as mobile (or ®xed during the follow-up) and keloid formation in the line of the skin incision may be regarded as unrelated to the columella.
Failures related to the columella are as follows: ®brous and osseous ®xation in one case each and too short a columella in two cases. Table 4 shows the results in the preoperatively normal tympanic membrane group indicating the averages of the postoperative best and last values for the air±bone gaps. The number of revision operations and of aected ears are 
Discussion
First the question is, which is the best method to indicate the results of operations to reconstruct the sound conduction apparatus? As a ®rst attempt, indication of the improvement in air conduction seems to be the method of choice because it shows the bene®t for the patient., However, if we wish to judge the eciency of a reconstructive technique, the air± bone gap seems to be more informative. It tells us the possibility of improving the hearing and how much improvement has been produced. Moreover, there are cases in which monitoring improvement in air conduction can be misleading±for example, in the case of a small cholesteatoma with a preoperatively uninterrupted ossicular chain and good hearing where the incus had to be removed but was replaced successfully. In this particular case, hearing was good before surgery and it was good after surgery; therefore, there is no hearing gain and the case belongs to the unsuccessful unchanged' group if success is measured by improvement in air conduction.
Another factor emerges if we review a patient with a long follow-up, i.e. presbyacusis. Figure 3 shows such a case. The operation had been performed in 1966. Three years afterwards, air conduction improved by 60 dB and the air±bone gap became smaller. After 28 years, the hearing deteriorated because of presbyacusis and air conduction is now only 10 dB better than before the operation; however, the small air± bone gap shows that the reconstructed sound conducting apparatus is still working well.
On the basis of these arguments, the results are presented in terms of the air±bone gaps. Harder et al. 19 have come to the same conclusion, emphasising the diculties in determining bone conduction correctly. In calculating the postoperative air±bone gap, the preoperative bone conduction or postoperative bone conduction can be used. The author uses the postoperative values of bone conduction although bone conduction may also improve after a successful operation; 11±20 therefore, the postoperative air±bone gaps are greater, i.e. statistically unfavourable and an`overclosure' (which is audiological nonsense) cannot be seen.
The results presented in Table 1 are the averages of values obtained in a miscellaneous group of patients, which means that they do not truly represent the eciency of the autogenous bone columella but prove that it can be used with success under various conditions, e.g. in an infected environment or in the absence of the malleus.
The data show a de®nite tendency towards deterioration with time. Dynamic changes are characteristic of all living structures and the middle ear is no exception. Indication of the best and last postoperative values can be a rough representation of the processes which may take place in the middle ear after surgery. The best values can usually be measured 1±3 years after the primary operations. Later the result of unfavourable factor(s) may appear and cause failure in sound conduction and/or in curation (especially in the case of cholesteatoma) necessitating revision operation(s).
Because the follow-up graph illustrates events happening to an ear and not the result of an operation and the averaged values are taken from the follow-up graphs, the results of the revision operations are included in the`last' values. Therefore, the number of necessary revision operations can be regarded as an indicator of unsuccessful primary operations. In other words, the`last' results were obtained at the expense of 142 revision operations.
The list of conditions necessitating revision surgery is headed by lateralization of the reconstructed tympanic membrane, which led the author to give up the overlay technique for Bailey's 21 method almost exclusively. Human error plays a role in not recognizing ®xation of the stapes, in using a columella shorter than necessary, etc. In most cases it was not the columella itself that caused failure. In a smaller number of cases the failure was attributable to the columella but in only nine of the 30 cases could the failure be regarded as speci®c to the autogenous bone columella (osseous ®xation and atrophy). There is no doubt that a bone columella touching or only approaching the surrounding bone of the tympanic cavity can induce new bone formation leading to osseous ®xation. Proper shaping of the medial end diminishes this possibility.
Interestingly enough, only one case of atrophy has been observed in a well-aerated tympanic cavity. This circumstance should be emphasized because atrophy of a bone columella under permanent pressure of a retracted tympanic membrane cannot be regarded as failure of the bone columella. Bone does not tolerate long-lasting pressure and suffers atrophy just like normal structures, i.e. the long process of the incus or the superstructure of the stapes. The fact that the bone columella occasionally undergoes atrophy is probably a mechanism by which extrusion is avoided. The fact is that there has been no extrusion so far.
Not surprisingly, the results of the group with a normal tympanic membrane are the best and the results of the Stage II group are better than those of the Stage I group.
There is a more conspicuous dierence in the number of revision operations rather than in the audiological results.
The author thinks that staged operations oer a possibility of measuring the columella exactly in the presence of a stabilized tympanic membrane making the situation similar to an ear with a normal tympanic membrane. On the other hand, it is possible that not only staging itself, but the surgeon's growing experience and the shorter follow-up times for those staged operations introduced at a later point, play a role in the better results.
When cholesteatoma is present, staging can reduce the number of revision operations but at the same time one should remember that staging means a planned revision operation in every case. Revision surgery after staged operations shows that the three aims of tympanoplasty, i.e. control of the disease, near normal anatomical state and elimination of the conductive hearing loss cannot be achieved in every case even by staged surgery.
In the light of the literature, 22 the results seem to be acceptable. At the last follow-up, 68% of all ears showed air±bone gaps 20 dB. For the group with normal tympanic membranes this value was 85%. Using the more demanding 10 dB criterion these values were 28% and 43%, respectively. Looking at these results from the negative side it can be stated that roughly half of all ears and one-third of those in the normal tympanic membrane group show unsatisfactory long-term results, which indicates that there is room for further improvement.
Conclusions
The tympanic membrane-stapes head autogenous bone columella ensures good sound conduction if it is connected to a tympanic membrane which is able to vibrate and the stapes is mobile. The eciency of the body of the incus and that of the cortical bone are equally good. The availability of cortical bone in any ear speaks in favour of it. The danger of atrophy is minimal except when a retracted tympanic membrane exerts pressure on it; however, extrusion did not occur even under this condition. Fixation to the surrounding bone can be prevented by proper shaping of the medial end of the columella. Other factors causing deterioration of long-term results are either unrelated to the bone columella or may be related to other types of columella as well.
Although the results are acceptable there is a need for further improvement.
